Abstract-This paper investigates outage performance under overlay spectrum mode using relay-assisted network model. Without harming the performance of the primary user (PU), secondary user (SU) makes use of a relay (R) for transmission as a supportive system besides the direct link transmission between secondary source (S) and secondary destination (D). Outage probability is used to represent the performance parameter for two different cases. In the first case, relay is able to forward the information from source to destination. In the second case, it is assumed the relay suffers an outage and could not decode the information from the source. We consider total probability law in two cases. The outage probability of SU is analyzed in term of different distance between the secondary nodes and model with relay and without relay. The analysis performances are verified by the simulation results.
INTRODUCTION
In this new era, one of the important necessities for the society is wireless communication service. Wireless devices' users are increasing day by day and have created a huge demand for a good and improve networks. The shortage of available spectrum has become the limitation even though the spectrum is not fully utilized. A regulatory body such as Federal Communications Community (FCC) also has played their roles to find the solution of spectrum's shortage where an investigation for underutilization of radio spectrum has been made [1] . To meet the spectrum demand, cognitive radio network is a new attention in recent study on wireless communication. Cognitive radio senses the available channel in wireless spectrum to enhance the utilization. The licensed owner or primary user (PU) is independent and can make transmission anytime. Meanwhile, the unlicensed user or secondary user (SU) is allowed transmitting by limiting its transmission power below certain threshold or transmit with maximum power when PU is inactive. In particular, the scenario when PU is inactive is call spectrum overlay mode and underlay mode is when PU and SU transmitting continuously under certain rules (or limits) [2] . Our model will be focusing on overlay scenario with the absent of PU.
Relay-assisted communication is one of the mechanisms in cooperative communications and being use in [4] - [7] using different approaches. Additionally, there are two types of protocols for relay model, which are transparent relaying protocols and regenerative relaying protocols as reported in [3] . Amplify and forward (AF), linear-process and forward (LF), and nonlinear-process and forward (nLF) are classified under transparent protocols. Different from regenerative protocols that powerful than the transparent, the protocols are estimate and forward (EF), compress and forward (CF), decode and forward (DF), purge and forward (PG), and gather and forward (GF). For this paper, decode-and-forward protocol has been implemented where relay detects the information, decodes and re-decodes it for transmission between the source and destination. The work reported in [4] using cognitive relay as underlay system providing access to indoor devices. The outage probability of underlay cognitive cooperative networks over Rayleigh fading channels is analyzed in [5] under constraints from PU. Meanwhile, in [6] and [7] , relay communication is proposed for hybrid overlay/underlay as one of the technique to increase the performance of secondary network in both idle and active bands. One more focus is on the outage for different conditions on relay model. As in [5] , the exact outage performance on underlay cognitive networks is analyzed thoroughly, contrary with our model. We investigate the outage performance on overlay cognitive networks ignoring the interference constraint and power constraint. Furthermore, the analysis is extended to study the effect of distance between secondary nodes on the outage.
In this relay-assisted communication network model, we analyze the outage performance when SU is in overlay spectrum sharing. PU is not affected by the transmission of SU since PU is in idle mode and the spectrum is being used by SU. Comparison of outage probability for two different situations as discussed above is studied. We derived the outage probability considering both cases and applied total probability law as in [5] . Simulation results are provided to understand the impact of distance on the outage and the different of outage between model with relay and without relay is included. This paper is organized as follows. In Section II, the system model is described together with the notations being used. Meanwhile, Section III provides the analysis of simulation results for the proposed model. Lastly the conclusion of the paper is presented in Section IV. 
II. SYSTEM MODEL AND NOTATIONS
In secondary network as illustrated in Fig. 1 , the secondary relay (R) relays the transmission from source (S) to destination (D) on the relay path assuming the protocol is decode-andforward. Meanwhile, the transmission from source to destination without relay in the middle is assumed to be on the direct path. The first phase covers the transmission between source to relay and source directly to destination. Relay will decode the information received from source. The transmission in relay path will be completed in second phase when relay forwards the information to destination. The information from source and relay will be combined at destination with the maximum ratio combining (MCR).
During the sensing, source randomly selects a channel to detect whether PU currently occupy the channel or not. Let denotes as the channel gain and the channel is assumed to consist of path loss and independent slowly varying flat Rayleigh fading. As in [8] , with fading coefficient, , where is a complex Gaussian random variable, d is the distance, and is path loss exponent. The channel gain is an exponentially distributed random variable with the variance and average power channel defined as where denotes expectation. As shown below, denotes as the probability density function (pdf) of the channel gain. Generally, the notation of A and B, represent the parameter between A and B, or from A to B and vice versa.
(1)
In the overlay cognitive radio networks, SU does not give harmful interference to PU and can transmit with maximum power. Interference power constraint and maximum transmit power constraint can be ignored. The received SNR for the first phase at the relay and destination using transmit power of source, , are given by
where is the variance of additive white Gaussian noise respectively. Meanwhile, for the second phase, the source information is forwarded by the relay using transmit power of relay, . So the received SNR at the destination is given by (6) The outage occur when the receiver is unsuccessfully recovered the signal from the transmitter. The outage probability happen when the mutual information, Δ, is under certain rate threshold, R that can be denoted as Δ < R. Generally, Δ
In this paper, we consider two cases as in [4] : 1) relay able to decode-and-forward the signal to destination and 2) relay experienced outage. The mutual information for case 1 and case 2, and also between the source and relay would be
(10)
The reason 1/2 is to indicate that two phases are required for whole transmission.
From (7), let . In the first case, transmission between the source and the relay has not suffered any outage if > . Then, the received SNR at destination will be + . Otherwise, the received SNR will be if < which mean outage occurred on the relay path before relay can forward the signal to destination.
The outage probability for each cases is defined as Pr{ + } and Pr{ }. To derive the term for each case, we note the calculation of pdf for random variable (i.e., , ) is given by Pr { }
Pr { }
A. Derivation in Case 1
In case 1, relay does not suffer any outage as shown in Fig.  2(a) . Assume an identically independent distribution channel (i.i.d.) and the channel gain, , , and , are exponentially distributed with parameter , , and , respectively. Let = and = .
Case 1 :
Theorem 1: The outage probability when relay suffered outage is (1 (
Proof 1 :
(b)
B. Derivation of Case 2
In case 2, relay suffers an outage as shown in Fig. 2(b) . Assume an identically independent distribution channel (i.i.d.) and the channel gain, , , and , are exponentially distributed with parameter , , and , respectively. Let = and = .
Case 2 :
Theorem 2: The outage probability when relay successfully transmit is (1 exp( ))( 1 exp( )).
Proof 2 :
(16)
The overall outage for our paper will follow the total probability law as in [5] which is given by 
III. SIMULATION RESULTS
The outage performance of secondary user working in overlay mode is demonstrated here by assuming some parameters values to produce results based on mathematical equations described in section II. The path loss exponent, , is set to 4 and noise variance, . Besides that, the transmit power of source, varies from 0.01 W to 0.1 W ( represented by dB in the results), relay's transmit power, , is set to 0.1 W and the threshold rate R, is fix at 1 as in [6] . As discussed in system model section, , we can assume that the parameter whereas indicates the distance from any point A to point B. The distance between source to relay, , and relay to destination, where are obtained by calculation using values of distance between source to destination, and (refer to Fig. 3 ).
In all figures for results, the outage probability has been shown as a function of the transmit power of source. It can be observed that the outage probability decreases with respect to the increase in transmit power of source. Fig. 4 and Fig. 5 investigate the effect of distance parameter on the outage probability. In Fig. 4 , is fix at 50 m while is varies to 100 m, 200 m, and 300 m. Probability of outage for different distances increase with the increase of the distance between source and destination. This is due to the fact that longer distance decreases the channel gain resulting in higher outage probability. There is a big difference of outage for equals to 300 m compared to equals to 100 m and 200 m. When the distance between source and destination increases, distance in relay path also affected and increases causing higher value of outage. It is evident that the highest distance between source and destination has the worse outage performance. Fig. 5 , the outage probability is decreasing with increase in as is varies to 50 m, 100 m, and 150 m, and is set at 200 m. In this simulation, affect the distance between source to relay, , and relay to destination, , because the distances are calculated using Pythagoras' theorem. As increases, the distances also increase which causes an increase in outage probability. The result's pattern is the same as Fig. 4 but the outage probability is different at certain values of design parameters. Fig. 6 compares the outage probability of model without relay and model with relay under case 1 and case 2. Without the assistance from relay, outage increases more compared to the relay-assisted model. The transmission only depends on one direct link from source to destination. Particularly between case 1 and case 2 as in Fig. 6(a) , outage is higher for case 2 since relay experienced outage. In the real network model, it is better to implement relay-assisted model. The performance will increase, only the drawback would be high implementation cost in order to add more nodes. 
Meanwhile in

IV. CONCLUSION
In this paper, we analyzed the outage performance when secondary nodes are located at different distances. The outage probability has been derived considering two different cases and total probability law has been applied. From the observations, the distance definitely affects the outage probability to be higher with the increase in distance either from source to destination, source to relay or relay to destination. The outage can be reduced for longer distance by increasing the transmit power of source or transmit power of relay. We also investigated the impact of relay on the outage performance. Relay definitely helps to reduce outage probability compared to model without assistance from relay. Additionally, it is also clear that lower outage probability is obtained when the transmission form source to relay did not suffer any outage. Cooperative communications is important to be implemented in real situation to increase the network performance. Future work can be extended to analyze the outage capacity of secondary user and investigate the outage performance when there are constraints from primary user. 
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